Objectives: There is a lack of longitudinal studies exploring the association between organic wood dust exposure and new-onset chronic obstructive pulmonary disease (COPD) and change in lung function. We have re-investigated these associations in a 6-year follow-up cohort of furniture workers exposed to wood dust using improved outcome measures and methods. Methods: A large follow-up study of 1112 woodworkers (63%) from the Danish furniture industry and 235 controls (57%) was conducted between 1998 and 2004. Forced expiratory volume in the first second (FEV1), forced vital capacity (FVC), and the ratio (FEV1/FVC) standardized for age, height, and sex using the Global Lung Function Initiative 2012 equations were assessed at baseline and follow-up. Questionnaires on respiratory symptoms, wood dust exposure, and smoking habits were collected. Exposure was assessed as exposure level at baseline and as cumulative exposure in the follow-up period from quantitative task specific job exposure matrix available at both baseline and follow-up based on personal dust sampling using passive dust monitors. The association between exposure to wood dust and new-onset COPD was assessed with logistic regression, whereas the association between wood dust and the longitudinal change in z-score for lung function was assessed with linear regression. Results: Similar associations were seen for different exposure metrics. An exposure-response relation was seen for new-onset COPD for female smokers with an odds ratio (OR) (95% confidence interval [CI]) of 8.47 (0.9-82.4) in the highest exposed group compared to controls, and a significant test for trend P = 0.049. No such association was seen among males for whom only smoking was strongly associated to new-onset COPD. For change in lung function, a significant exposureresponse was seen for females, confirming previous findings, with increasing levels of wood dust Annals of Work Exposures and Health, 2018, Vol. 62, No. 9, 1064-1076 doi: 10.1093/annweh/wxy075 Advance Access publication 28 August 2018
Introduction
Chronic obstructive pulmonary disease (COPD) is a global health problem with increasing prevalence, leading to a substantial economic and social burden worldwide (Agusti and Vogelmeier, 2018) . COPD is closely associated to morbidity and mortality, and in 2010, it was assessed the third leading cause of death worldwide (Lozano et al., 2012) . Level and change in lung function per se predict morbidity and mortality (Hole et al., 1996; Knuiman et al., 1999; Schünemann et al., 2000) in the general population. Smoking is the leading cause for lung function decline and development of COPD, but also occupational exposures such as organic dust particles are regarded to be causally related to the disease.
Many workers are exposed to wood dust. Dry wood dust, which contains different compounds including low levels of endotoxins, terpenes, and moulds (Jacobsen et al., 2010) , is a well-known risk factor for different pulmonary symptoms and diseases (Chan-Yeung et al., 1984; Vedal et al., 1986; Alwis et al., 1999; Douwes et al., 2001; Sripaiboonkij et al., 2009) , and impairment in lung function (Chan-Yeung et al., 1984; Vedal et al., 1986; Shamssain, 1992 ) evaluated primarily in cross-sectional studies. The association between occupational exposure to wood dust and prevalence of COPD has been studied before but displaying conflicting results (Shamssain, 1992; Borm et al., 2002) . To our knowledge, no other study has looked at wood dust and new-onset COPD in a longitudinal study. Change in lung function, however, has in several longitudinal studies been associated to the level of organic dust exposure in different occupations (Glindmeyer et al., 1991; Huy et al., 1991; Vogelzang et al., 1998) , and also for wood dust exposed subjects (Noertjojo et al., 1996) . In previous analyses of the present cohort, it was found that cumulated wood dust exposure during the follow-up period was significantly associated with both absolute (Liters) and relative (%) decline in FEV1 and FVC for female woodworkers only (Jacobsen et al., 2008) .
The main characteristic of COPD is persistent airflow limitation in combination with respiratory symptoms, but a clear diagnostic definition of COPD has been debated during the last decades. Using a fixed ratio of the forced expiratory volume in the first second (FEV1) to forced vital capacity (FVC) (FEV1/FVC) < 0.7, as done in previous analyses of the present cohort, leads to an over diagnosis of COPD in the elderly and an under diagnosis in the younger subjects (Quanjer et al., 2013; Agusti and Vogelmeier, 2018) . The Global Lung Function Initiative 2012 (GLI2012) equations account for the effect of aging, height, sex, and ethnicity implementet in one set of equations that cover lung function from the age of 3-95 years in the general non-smoking population (Quanjer et al., 2012) . Using GLI2012 and the lower limit of normal (LLN, which is the lower 5th
What this paper adds
• Wood dust exposure may be associated to COPD and change in lung function; however, there is a lack of longitudinal studies exploring this association.
• In re-analyses of an existing longitudinal cohort, using improved outcomes and methods, we found a significant exposure-response relation between inhalable wood dust and excess decline in lung function among female woodworkers only, as seen previously. Furthermore, an association was seen with new-onset COPD among female smokers.
• Among male woodworkers, only smoking and asthma were significant predictors for new-onset COPD and excess decline in lung function, whereas a positive association was found for level of wood dust exposure, likely due to healthy worker selection bias.
• In conclusion, female woodworkers may be more susceptible to wood dust exposure than male woodworkers and the importance of reduction in both smoking and wood dust exposure should continuously be an effort to prevent adverse pulmonary health effects.
percentile of a healthy non-smoking population) accompanied by respiratory symptoms is regarded a valid way of estimating COPD (Quanjer et al., 2013) .
The aim of this study was to re-investigate the association between inhalable wood dust exposure and both new-onset COPD and change in lung function in a 6 year follow-up study using the GLI2012 equations. Standardized outcome assessments were used, follow-up analyses were performed with exposure assessed at baseline as well as cumulated during the follow-up period, and possible healthy worker selection bias was highlighted and analyzed to elaborate further on the findings from the already published data (Jacobsen et al., 2008) .
Methods

Study population
The follow-up cohort of wood workers in the Danish furniture industry has been thoroughly described previously (Jacobsen et al., 2008) . In brief, it was established in 1997-1998 (Schlünssen et al., 2002) and followed up in 2003 -2005 (Jacobsen et al., 2008 . The study population is presented in a flow chart in Fig. 1 . The baseline population consisted of 2380 workers employed in the furniture industry. As a control population, 619 employees from three factories with low organic dust exposure were invited. Valid lung function tests, personal characteristics (sex, age, height, and ethnicity) and questionnaire data were available for 1776 woodworkers and 410 controls at baseline. The overall participation at follow-up included 1112 woodworkers (63%) and 235 controls (57%) with valid personal characteristics and lung function measurements at both baseline and follow-up. Informed written consent was obtained from all participants and the study was approved by the ethics committee of Viborg County and the Danish Data Protection Agency.
Lung function and COPD
Lung function was assessed at baseline and follow-up by measuring FEV1 and FVC three times according to Figure 1 . Flowchart of the Wood cohort from recruitment to baseline and follow-up with full valid lung function measurements and questionnaire data.
guidelines of the European Respiratory Society (Quanjer et al., 1993) . The same dry wedge spirometer (Vitalograph Ltd, Buckingham, UK) with a maximum volume of 7.7 L was used for all measurements conducted by the same two individuals from the research group. 98.6% of the lung function measurements met the criteria for reproducibility of <200 ml difference between the largest and the second largest lung function value and the remaining measurements were discarded. The highest obtained spirometry values were included in the analyses. Height and weight were likewise measured at baseline and follow-up.
The GLI2012 equations (Quanjer et al., 2012) were applied taking age, height, sex, and ethnicity into consideration to calculate the z-scores for FEV1, FVC, and FEV1/FVC at both baseline and follow-up. The average of the baseline and follow-up height for each participant was used in calculations of z-scores at both baseline and follow-up, with the assumption of no relevant change in height during the follow-up period for a middle-aged group, in order to minimize any possible errors related to measuring height.
The definition used for newly developed cases of COPD (new-onset COPD) during the follow-up period was defined as FEV1/FVC falling below the LLN (lower 5th percentile) at follow-up, having previously been above the LLN, accompanied by symptoms of chronic cough or chronic sputum or breathlessness at follow-up.
Change in z-scores during the follow-up period for the three lung function indices FEV1 (ΔzFEV1), FVC (ΔzFVC), and FEV1/FVC (ΔzFEV1/FVC) were calculated by subtracting the baseline z-score from the follow-up z-score.
Exposure assignment of inhalable dust
Personal dust sampling was performed at both baseline and follow-up using passive dust monitors described previously (Schlünssen et al., 2001) . As described by Schlünssen et al., (Schlünssen et al., 2004) an internal job exposure matrix (JEM) was constructed at baseline (12 groups, 2217 measurements, 1581 individuals) and at follow-up (Jacobsen et al., 2008) (7 groups, 1355 measurements, 1044 individuals) based on factory size and work tasks. The groups were identified in a random effect analysis, where grouping by task and factory size achieved the greatest exposure contrast between groups.
Participants answered questionnaires on respiratory health, smoking habits, and occupational history including work tasks, and these questionnaires were based on the modified British Medical Research Council questionnaire (Committee on the etiology of chronic bronchitis, 1965) supplemented with questions from the European Community Respiratory Health Survey (Burney and Jarvis, 1998 ) regarding asthma at both baseline and follow-up.
Wood dust exposure was evaluated at baseline and during the follow-up period. Wood dust exposure at baseline was assessed from the internal baseline JEM and, in sub-analyses, also as number of years working in the wood industry from the age of 15 until baseline. Individual cumulative inhalable wood dust exposure during the follow-up period was calculated as the sum of the exposure for the first half of the period (the product of the level of exposure at baseline and years in the industry during [1997] [1998] [1999] [2000] , and the exposure for the second half of the follow-up period (the product of the level of exposure at follow-up and years in the industry during [2001] [2002] [2003] [2004] .
For the analyses, woodworkers were divided into groups based on the distribution of the wood dust exposure levels to create the greatest possible contrast of exposure between groups and to ensure enough power for analyses. The cut off points for the baseline wood dust exposure (see Supplementary Figure S1 in the Supplementary Material, available at Annals of Work Exposures and Health online), which was not normally distributed, therefore led to two groups (low/high) for logistic analyses on new-onset COPD and three groups (low/medium/high) for linear regression on change in lung function. Exposure during the follow-up period was normally distributed and divided into groups based on quartiles of the cumulative dust exposure during the follow-up period; two groups (low/high) for analyses on new-onset COPD, and four groups for analyses on change in lung function. Woodworkers were also evaluated as ex-and current woodworkers at follow-up. Control workers were in all analyses evaluated as non-exposed.
Smoking
For analyses of new-onset COPD, a dichotomous smoking variable was used (current smoker yes/no at baseline), and similarly for smoking during the follow-up period (current smoker yes/no during the follow-up period). For analyses on change in lung function, smoking was assessed as packyears (equal to 20 cigarettes·day −1 ·years) prior to baseline and as packyears during the followup period. Subsequently, smoking was categorized as never smoker, ex-smoker, low smoker, and high smoker for both smoking exposure prior to baseline and during the follow-up period. Ex-smoking prior to baseline was defined as quitting ≥2 years prior to baseline assessment and ex-smoking during the follow-up period as quitting <2 years prior to baseline and ≥2 years prior to follow-up assessment. Low and high smoking exposure was defined based on the median accumulated smoking exposure both prior to baseline (17 pack years) and during the follow-up period (6 pack years). The association between exposure to wood dust and new-onset COPD was assessed using logistic regression. The association between exposure to wood dust and the longitudinal change in z-score for lung function was assessed using linear regression. Both analyses were conducted in two ways as (i) follow-up analyses with current exposure level at baseline, and (ii) analyses with cumulative exposure during the follow-up period. The final models included the a priori selected confounders smoking, self-reported doctor diagnosed asthma at baseline and, for analyses on exposure during the follow-up period, also weight change during the follow-up period. The outcomes of new-onset COPD and change in lung function were through the GLI2012 equations standardized for sex, age, height, and ethnicity. The effect of cumulative exposure prior to baseline (the product of exposure level at baseline and years in the industry from the age of 15) was explored through sensitivity analyses. Furthermore, analyses comparing effects in ex-and current workers were performed. Data were presented stratified by sex, as effect modification by sex was evident in the analyses. First-order interactions between exposure and sex and between exposure and smoking were explored. The level of significance was set at P < 0.05.
Data analyses
Results
Baseline characteristics of follow-up participants and those lost to follow up showed important differences (see Supplementary Table S1 in the Supplementary Material, , available at Annals of Work Exposures and Health online) with those lost to follow up having significantly lower levels of zFEV1, zFVC, and zFEV1/ FVC at baseline compared to the follow-up participants (P < 0.05). A larger proportion of the male woodworkers lost to follow up (9.9%) had FEV1/FVC<LLN at baseline compared to participating male woodworkers (5.5%) (P < 0.05). The same was seen among male controls lost to follow up and participating controls. Those lost to follow up were in general 3-6 years younger and woodworkers lost to follow up had worked in the industry fewer years, but had comparable baseline levels of inhalable wood dust exposure. Those lost to follow up were also more likely to be current and heavier smokers compared to follow up participants.
The demographics and exposure characteristics of the follow-up cohort can be seen in Table 1 . Only few differences were seen between woodworkers and controls, and between females and males. The median exposure level at baseline for inhalable wood dust was 1.1 mg/m 3 for male woodworkers and 0.7 mg/m 3 for female woodworkers, and for exposure during the follow-up period the numbers were 3.8 mg/m 3 × year for males and 3.3 mg/ m 3 × year for females. More females were placed accordingly in the lower exposure categories at both baseline (P < 0.001) and in the follow-up period (P < 0.001). Qualitative differences in work tasks at baseline were also seen between male and female wood workers. Assembly (lowest exposed task with geometric mean (GM) ± geometric standard deviation (GSD): 0.71 mg/m 3 ± 1.92) was the most common task among females, whereas cutting (GM ± GSD: 1.09 mg/m 3 ± 1.87) was more common among males. There were no significant differences in level of exposure between sexes for any of the six work tasks (data not shown). Females, however, had on average only worked 4 years in the industry before baseline, whereas males had worked 10 years. Female woodworkers tended to smoke less at baseline than male woodworkers (P < 0.05), and the same was true for female controls compared with male controls (P < 0.05).
Comparing ex-and current woodworkers at followup (see Supplementary Table S2 in the Supplementary Material, available at Annals of Work Exposures and Health online) also showed important differences. Current woodworkers had higher levels of dust exposures at baseline. Male ex-workers had significantly lower absolute values for FEV1 and FVC at baseline compared to male current workers (FEV1: 4.0 l versus 4.2 l, P < 0.05; FVC: 5.0 l versus 5.2 l, P < 0.05, respectively), which was not the case for females. Additionally, the prevalence of COPD at baseline was higher among male ex-workers than current workers (5.8 versus 3.1%, respectively), which was not seen among females. However, the standardized lung function measures zFEV1 and zFVC did not differ significantly at baseline, suggesting that ex-and current woodworkers were similar when compared to the reference population of GLI2012.
Lung function values at baseline and follow-up as well as new-onset COPD are shown in Supplementary and for male controls than for female controls for FVC (P < 0.05). No significant differences for change in z-scores during the follow-up period were seen between woodworkers and controls for either sex. For newonset COPD a significant difference was seen among females only (P < 0.05) (see Supplementary Table S3 in the Supplementary Material, available at Annals of Work Exposures and Health online). There was a significant difference between smokers and non-smokers for ΔzFEV1 and ΔzFVC, primarily among woodworkers, Table 2 . New-onset COPD was significantly associated with smoking (P < 0.05). Among females only, there was a significantly higher number of subjects with newonset COPD among smoking woodworkers compared to smoking controls (P < 0.05). New-onset COPD for woodworkers compared to the controls can be seen in Table 3 . The adjusted analyses for females were based on smokers only (n = 139), as none of the non-smoking females developed new-onset COPD. An exposure-response was seen for women in both crude and adjusted analyses with an adjusted odds ratio (OR) (95% confidence interval [CI]) of 8.47 (0.9-82.4) in the highest exposed group and a significant test for trend, P = 0.049. The confidence intervals were wide, as the estimates were based on only 10 female cases. No association between wood dust exposure and newonset COPD was seen among males, whereas smoking was strongly associated to new-onset COPD with an adjusted OR (95% CI) of 6.2 (2.5-15.6). Time spent in the industry was taken into account in sub-analyses, by analyzing the effect of cumulative exposure prior to baseline (exposure level at baseline × years in the industry prior to baseline), well aware of the risk of healthy worker selection bias, and the assumption of constant exposure levels during a career in the wood industry. Among female smokers the adjusted OR (95% CI) was 7.66 (0.9-63.4, P = 0.059) for low cumulative exposure (<50th percentile) compared to controls, whereas the adjusted OR (95% CI) of high cumulative exposure (>50th percentile) was 2.94 (0.2-49.8, P = 0.453) compared with controls. No association was seen for males.
Comparing ex-and current wood-workers in adjusted logistic regression showed no significant difference for new-onset COPD for either sex (data not shown). Table 4 shows multivariable linear regression analyses of change in zFEV1 (ΔzFEV1) during the follow-up period comparing woodworkers and controls by sex. Similar results for ΔzFVC and ΔzFEV1/FVC can be seen in Supplementary Table S4 in the Supplementary Material (available at Annals of Work Exposures and Health online). Female woodworkers had a significantly larger decline in ΔzFEV1 than female controls with a decline of −0.32 ΔzFEV1-score (95% CI: −0.56 to −0.08, P = 0.009) for third quartile exposure group and −0.31 ΔzFEV1-score (95% CI: −0.62 to −0.001, P = 0.049) for fourth quartile during the follow-up period compared to controls, (test for trend, P = 0.005). Heavy smoking was strongly associated to decline in ΔzFEV1 (Estimate [E] [95% CI]: Table 2 . Changes in z-scores for lung function during the follow-up period and new-onset COPD stratified by sex and smoking status during the follow-up period. Weight change during the follow-up period. *Test for trend, E (95% CI): 0.04 (0.005 to 0.08), P = 0.026. +Test for trend, E (95% CI): -0.08 (-0.14 to -0.03), P = 0.005.
−0.44 [−0.66 to −0.23], P = 0.000). A change of 1 z-score in FEV1 for an average woman aged 40 years and with height 167 cm equates to 389.8 ml. This corresponds to a −125 ml (95% CI: −203 to −35 ml) excess FEV1 decline for a female exposed to third quartile wood dust compared to a female control during the 6 years of follow-up. Similarly, the effect of smoking was equivalent to an excess decline in FEV1 of −172 ml (95% CI: −257 to −90 ml). For males heavy smoking was also significantly associated to decline in ΔzFEV1 in both analyses, but wood dust exposure level at baseline was associated with an increase in ΔzFEV1 (E [95% CI]: 0.14 [0.006-0.28], P = 0.041) for the highest exposure group compared to male controls with a significant test for trend, P = 0.026. Comparing ex-and current woodworkers in linear regression (see Supplementary Table S5 When exploring ex-workers and current workers separately, no clear exposure-response relation was found for increasing levels of exposure (data now shown).
A significant interaction was confirmed in the adjusted models between wood dust exposure and sex on the effect of ΔzFEV1 (exposure to wood dust × sex [female]: E [95% CI] −0.29 [−0.53 to −0.06], P = 0.014, compared to male controls). A similar interaction between exposure and sex was seen on the effect of ΔzFVC. The interaction between wood dust exposure and smoking was not significant.
Analyses of ΔzFVC showed the same tendencies for both female and male, whereas no significant associations were seen for wood dust exposure and ΔzFEV1/ FVC (see Supplementary Table S4 in the Supplementary Material, available at Annals of Work Exposures and Health online). Asthma was only significantly associated with a decline in zFEV1 and zFVC for males.
All analyses were repeated with exposure level as continuous variables, showing no significant association. To explore the possible issues of cohort effects by comparing longitudinal data with cross-sectional data (van Pelt et al., 1994) , we repeated the analysis using change in lung function in relation to height 3 (ΔFEV1/m 3 ) as the outcome of interest and saw similar results, but with increased levels of significance (results not shown).
Discussion
To our knowledge, this is the first longitudinal study to explore the risk of new-onset COPD in association with wood dust exposure. An evident difference between female and male woodworkers was seen. Only the female woodworkers had an increased dose-dependent OR of new-onset COPD compared to controls. Also, change in zFEV1 and zFVC during the follow-up period was negatively associated with wood dust exposure among females in a dose-dependent manner, whereas the change in zFEV1 and zFVC among males was positively associated with wood dust exposure. This is considered to reflect a strong healthy worker selection bias among the male woodworkers, but must also be seen in the light of male woodworkers starting at a low z-score level at baseline as well as the male control group having lower lung function (negative z-scores) than expected from GLI2012 reference equations (see Supplementary  Table S3 in the Supplementary Material, available at Annals of Work Exposures and Health online). The possible selection was, however, partially supported by differences in baseline demographics between ex-and current woodworkers (see Supplementary Table S2 in the Supplementary Material, available at Annals of Work Exposures and Health online) showing a healthy worker selection effect more evident among male than female woodworkers. Though this was only seen for absolute lung function values and COPD at baseline, but not for standardized z-scores, it may be partially explained by the fact that, e.g. height (and hence size) as well as larger absolute lung function is a quality in these work settings, and a selection may therefore still be prevalent, greater so among males. Also baseline levels of zFEV1, zFVC, and zFEV1/FVC for followup participants compared to those lost to follow up were more pronounced for males than for females (see Supplementary Table S1 in the Supplementary Material, available at Annals of Work Exposures and Health online). Healthy worker selection bias is therefore highly probable in the cohort, possibly leading to an underestimation of the effect of exposure to wood dust on new-onset COPD and change in lung function, especially among the males. Selection bias could however also bias the results in the opposite direction, if the highest exposed and most healthy dropped out, resulting in inflation of the associations found. However, our lost-to-follow-up analysis (Supplementary Table S1 in the Supplementary Material, available at Annals of Work Exposures and Health online) showed similar asthma-status, smoking status, and exposure level at baseline, lower age, lower years of exposure, and as previously mentioned lower z-scores of lung function among those lost to follow up compared with follow-up participants, hence we do not believe that selection bias inflates our results.
It remains uncertain whether the difference in effect seen in females and males is due to an actual difference in susceptibility of wood dust exposure on lung function or due to the healthy workers selection bias among male woodworkers seen to less extent among female woodworkers. Despite the distribution of male and female woodworkers in the different exposure categories not being equal (spearman ρ = 0.19, P < 0.0001), with more female woodworkers in the lower exposure categories at both baseline and follow-up, a negative association was seen among female woodworkers. Furthermore, despite no sign of selection concerning smoking history, females were also more negatively affected by smoking than men, with larger effects of heavy smoking on change in lung function (Table 4) , supporting the theory of increased susceptibility to adverse effects of exposure among females. We have, in a previous study of farming exposure, shown a similar difference in susceptibility between male and female farmers (Bolund et al., 2015) . The risk of type I error, i.e. false positive, is a possibility among the females due to the relatively low number of women as well as multiple comparisons. We however believe that the revealed clear exposure-response association is an indication of a significant association among females, which is not due to chance. Furthermore, we corrected for multiple comparison.
Current woodworkers were seen to have greater decline in zFEV1 than ex-workers, evident for both male and female woodworkers (see Supplementary Table S5 in the Supplementary Material, available at Annals of Work Exposures and Health online). This does not support a health-related selection of workers out of the cohort, but may be explained by an acute effect among current workers as well as a possibility of a reversible effect seen after leaving the industry. No clear difference was seen between ex-and current woodworkers concerning new-onset COPD.
Heavy smoking was a significant predictor of decline in zFEV1 and zFVC for both male and female as well as decline in zFEV1/FVC and new-onset COPD for males. We found no significant interaction between wood dust exposure and smoking.
It must be emphasized that the follow-up participants in this cohort were still quite young at follow-up (average age 45 years) and therefore only few developed COPD within the follow-up time. As COPD is a disease that increases in prevalence with increasing age it would be of great scientific interest to continue following the cohort.
ΔzFEV1/FVC showed no significant association to wood dust exposure, even though female woodworkers had an increased OR for new-onset COPD. However, only 10 females had new-onset COPD, for which the baseline value of zFEV1/FVC was significantly lower (P < 0.0001) and ΔzFEV1/FVC showed a significantly larger decline (P < 0.0001) compared to females without new-onset COPD during the follow-up period (n = 291). The effect of this small group of females only slightly affected ΔzFEV1/FVC of the full cohort.
The fact that asthma was negatively associated with change in zFEV1 and zFVC only among males and not among females may hypothetically be due to two issues. The first, that the self-reporting of asthma in males reflects a more reliable asthma diagnosis than among females, which in return is associated to a negative effect on lung function change; and second, that female asthma patients may have a higher compliance with regards to asthma-medication, hereby counterbalancing the adverse effect of asthma on lung function change.
A possible weakness in our study was the use of prebronchodilator lung function measures. Twenty to 30 per cent classified as having COPD pre-bronchodilator will not meet the criteria post-bronchodilator (Johannessen et al., 2005) , which suggests reversible obstruction. In fact, a weak correlation between asthma and baseline exposure was found (spearman ρ = 0.17, P = 0.02) with an increase of asthmatic subjects with increasing wood dust exposure. However, only one female participant with baseline doctor diagnosed asthma (out of 14) developed new-onset COPD during the follow-up period, and it is unlikely that the possible overestimation of newonset COPD from using pre-bronchodilator measurements has biased the results.
For calculating the lung function z-scores using the GLI2012-equation the average height from baseline and follow-up of an individual was chosen in order to level out possible errors related to measuring height. The younger subjects increased only slightly in height during the follow-up period (<22 years [n = 70], change in height = +0.1 cm), whereas the older decreased slightly in height (>22 years [n = 1277], change in height = −0.23 cm, P < 0.01).
Assessing exposure in two time windows, at baseline and exposure during the follow-up period, allowed us to evaluate the relevance of different exposure metrics for COPD and change in lung function. It is pivotal to know whether exposure occurred before, after, or during disease onset, to be able to infer causality and avoid bias due to healthy worker selection. In general, the analyses assessing the effect of current exposure at baseline were comparable to the analyses assessing the effect of accumulated exposure during the follow-up period. The two exposure metrics were strongly correlated (Spearman ρ = 0.66, P < 0.0001). A similar correlation was seen for smoking prior to baseline and smoking during the follow-up period. Due to these correlations the two types of analyses tend to show similar associations between exposure and outcome. Other non-assessed exposures in the wood industry such as endotoxins, terpenes, and moulds, may be correlated to our measured exposure. However, the levels of these substances are low in the dry wood industry (Jacobsen et al., 2010) . Endotoxin levels were evaluated in the present study with 29 measurements in three factories and showed low levels with a median (range) of 0.9 EU/m 3 (0.3-6.3) (Jacobsen et al., 2013) . A genuine strength of our study was the use of quantitative exposure measurements. Although the occupational exposure history was based on self-reported questionnaires, it allowed us to calculate individual quantitative exposure estimates using measured exposure both at baseline and as accumulated exposure during the follow-up period.
A few other longitudinal studies have shown a significant association between wood dust exposure and decline in lung function. In a study by Noertjojo et al., they found that sawmill workers exposed to western red cedar had a significantly greater annual decline in FEV1 (−12.1 ml/ year) and FVC (−14.6 ml/year) compared with controls (Noertjojo et al., 1996) . A significant exposure-response relation between wood dust and decline in FVC was also seen. In another study by Glindmeyer et al., they found no association between total wood dust exposure and adverse effects on lung function (Glindmeyer et al., 2008) . However, in a sub-analysis using respirable residual particulate matter, they found a significant exposureresponse relation with decline in FEV1 and FVC.
To our knowledge, no other studies on wood dust have shown a clear difference in the effect on lung function between male and female. Other studies have, however, seen this discrepancy between sexes on effect on lung function, especially in relation to smoking (Chen et al., 1991) .
We consider our results to have internal validity with possible causal inference. We have available reliable information on health, smoking habits, working history and quantitative exposure estimates. Lung function testing was performed the same way at both baseline and follow-up, using the same spirometer and the same group of researchers, resulting in good internal consistency and reproducibility. External validity is also considered strong, our results being representative for other Danish woodworkers, and woodworkers from similar geographical areas with similar industrial methods.
In conclusion, our results supported our earlier findings indicating that female woodworkers may be more susceptible to wood dust exposure in terms of newonset COPD and accelerated decline in FEV1 and FVC than male woodworkers, despite signs of larger healthy worker selection among males. Efforts must continue to reduce dust exposure in the wood industry to prevent these adverse pulmonary health effects. However, smoking still seems to be the most significant risk factor for COPD and accelerated lung function decline in our subjects, which also emphasizes the importance of smoking reduction and abstention.
Supplementary Data
Supplementary data are available at Annals of Work Exposures and Health online.
